Background-Systemic markers of inflammation have been found in unstable angina. Disruption of culprit coronary stenoses may cause a greater inflammatory response in patients with unstable than those with stable angina. We assessed the time course of C-reactive protein (CRP), serum amyloid A protein (SAA), and interleukin-6 (IL-6) after single-vessel PTCA in 30 patients with stable and 56 patients with unstable angina (protocol A). We also studied 12 patients with stable and 15 with unstable angina after diagnostic coronary angiography (protocol B). Methods and Results-Peripheral blood samples were taken before and 6, 24, 48, and 72 hours after PTCA or angiography.
The mechanisms that relate the level of acute-phase proteins to short-and long-term prognoses in acute coronary syndromes are unclear. The aim of this study was to investigate whether "active" coronary plaque disruption could explain the systemically detectable inflammatory response in unstable angina. Therefore, we measured plasma concentration of CRP and SAA and serum concentration of interleukin-6 (IL-6) in patients with stable and unstable angina undergoing single-vessel PTCA. As control, we also studied patients with stable and unstable angina undergoing diagnostic coronary angiography.
Methods
The study was designed as a prospective study; thus, all study conditions and inclusion and exclusion criteria were established before patient recruitment began.
Patients
In protocol A, 2 groups of patients were prospectively studied.
Group 1 consisted of 30 of 68 consecutive patients with stable angina lasting Ͼ6 months who underwent elective single-vessel PTCA in our institute between July 1993 and July 1995.
Group 2 consisted of 56 of 116 consecutive patients admitted to our Critical Care Unit between July 1993 and July 1995 with severe unstable angina (Braunwald IIIB) who underwent single-vessel coronary angioplasty. Twenty-five patients underwent urgent PTCA because of refractory unstable angina (ie, angina refractory to full medical therapy, including intravenous heparin); the remaining 31 patients underwent elective PTCA Ͼ48 hours after waning of symptoms (range, 3 to 10 days).
Exclusion criteria for both groups were prior PTCA or bypass surgery (10 patients in group 1 and 9 in group 2), left ventricular ejection fraction Ͻ30% (6 patients in group 1 and 2 in group 2), left bundle-branch block (4 patients in group 1 and 4 in group 2), and inflammatory conditions likely to be associated with an acute-phase response (12 patients in group 1 and 7 in group 2). Furthermore, in group 2, 6 patients were excluded because they had suffered an acute myocardial infarction within the previous 4 weeks, 15 were excluded because they had elevated serum levels of creatine kinase and/or troponin T (Ͼ0.1 g/L) on admission, and 8 patients initially included in the study were excluded because they had acute complications after PTCA. Finally, 6 patients in group 1 and 9 in group 2 initially included in the study were excluded because they had abnormal levels (Ͼ0.1 g/L) of troponin T after PTCA. In protocol B, to better assess the role of plaque disruption in inducing a systemically detectable inflammatory response, we studied patients with stable and unstable angina undergoing diagnostic coronary angiography because the stimuli elicited by coronary angiography are the closest to PTCA, except for plaque rupture and the brief episodes of ischemia induced by balloon inflation. Therefore, the time course of CRP, SAA, and IL-6 was assessed in 12 patients with stable angina (group 3) and in 15 patients with unstable angina (group 4) undergoing a diagnostic coronary angiography in the same period. Patients in groups 3 and 4 fulfilled the inclusion criteria of groups 1 and 2, respectively.
The protocols were approved by the Ethics Committee of the Catholic University of Rome; all patients gave informed consent.
Study Design

Blood Sampling
Venous blood samples were taken immediately before PTCA and 6, 24, 48, and 72 hours after the end of the procedure (protocol A) and before and 6, 24, and 48 hours after diagnostic coronary angiography (protocol B). Coded plasma and serum samples were stored at Ϫ70°C and analyzed for CRP, SAA, and IL-6 in a single batch at the end of the study; all categorization and management of patients were independent of these results. In addition, troponin T, a specific marker of myocardial 
Diagnostic Coronary Angiography
Coronary angiography was performed with the standard technique in all patients. After medication with diazepam and local anesthesia, a femoral artery sheath was placed by a single-wall entry technique.
Percutaneous Transluminal Coronary Angioplasty
Routine PTCA was performed with monorail balloon catheters in all patients. Procedural variables, symptoms, and ECG changes during PTCA were carefully recorded (Table 1) .
Laboratory Assays
CRP and SAA were assayed as previously described 1 ; 90% of normal CRP values are Ͻ0.3 mg/dL and 99% are Ͻ1.0 mg/dL. CRP levels begin to rise 6 hours after an acute stimulus and peak after 24 to 48 hours. Eighty-two percent of normal SAA values are Ͻ0.5 mg/dL and 96% are Ͻ1.0 mg/dL. Circulating concentrations of SAA can reach peak value within 24 to 48 hours of an acute stimulus.
IL-6 was measured with a commercial assay kit (Quantikine human IL-6 R&D system). The range of values detected by the assay is 3 to 300 pg/mL. IL-6 levels begin to rise 45 to 60 minutes after endotoxin injection in healthy volunteers and peak after 2 to 4 hours. 9 IL-6 levels were undetectable (ie, Ͻ3 pg/mL) in healthy volunteers in our laboratory.
Troponin T was measured with a commercial enzyme immunoassay kit (Boehringer Mannheim). 
Statistical Analysis
Results
Thirty patients with stable angina (group 1) and 56 with unstable angina (group 2) completed protocol A. The 56 unstable angina patients were divided according to acute-phase protein and IL-6 levels before PTCA into group 2A, which comprised patients with acute-phase protein and IL-6 levels within the normal ranges, and group 2B, which included patients with raised levels.
Twelve patients with stable angina (group 3) and 15 patients with unstable angina (group 4) completed protocol B.
Demographic and clinical data, angiographic findings, and procedural variables were similar among the 3 groups of patients studied in protocol A (Table 1) . Clinical characteristics and angiographic findings of patients who underwent diagnostic uncomplicated coronary angiography (protocol B) are summarized in Table 2 .
Inflammatory Response to PTCA (Protocol A)
Stable Angina Before PTCA, plasma concentrations of CRP and/or SAA were elevated (Ͼ0.3 and Ͼ0.5 mg/dL, respectively) in 4 of 30 patients (13%). After PTCA, the median levels of CRP and SAA did not change (Pϭ0.09 and Pϭ0.88, respectively) ( Table 3 and Figure   1 ). Baseline IL-6 levels were detectable only in 3 of 30 patients (10%); all 3 had elevated levels of CRP and 2 had elevated levels of SAA. In response to PTCA, IL-6 median levels in group 1 did not change (Pϭ0.58) ( Table 3) .
Unstable Angina
Before PTCA, CRP and SAA plasma concentrations were within normal limits in 16 of 56 patients (29%, group 2A). CRP was elevated in 40 patients (71%; group 2B); in 35 of these patients, SAA was also elevated. Baseline IL-6 levels were detectable in only 1 of the 16 group 2A patients and in 30 of the 40 group 2B patients.
After PTCA, the median levels of CRP, SAA, and IL-6 did not change in group 2A (Table 3 and Figure 1 ). Conversely, in the 40 patients with raised levels before PTCA (group 2B), the serum concentration level of IL-6 increased significantly 6 hours after the end of the procedure from the baseline value of 2.8 to 6.5 pg/mL (Pϭ0.002) and reached the peak value at 24 hours (9 pg/mL, PϽ0.001 versus baseline) ( Table 3 and Figure 2 ). CRP and SAA also increased, with a peak value at 24 hours for CRP (from 0.90 to 2.26 mg/dL, PϽ0.001) and at 48 hours for SAA (from 1.20 to 4.20 mg/dL, PϽ0.001) ( Table 3 and Figures 1 and  2 ). There was a significant correlation between the peak values of IL-6 and those of CRP and SAA (rϭ0.70, PϽ0.001 for CRP and rϭ0.64, Pϭ0.006 for SAA).
Inflammatory Response to Coronary Angiography (Protocol B)
Stable Angina Before coronary angiography, CRP and SAA plasma concentrations were normal in all 12 patients, and IL-6 was elevated in 4 and normal in 8 of the 12 patients. CRP and SAA did not change after the procedure, and IL-6 showed only a slight but not significant increase (Table 4 and Figure 3 ).
Unstable Angina
Before coronary angiography, CRP plasma concentrations were elevated in 13 of 15 patients; in 12 of these, SAA and IL-6 were also elevated. After coronary angiography, CRP, SAA, and IL-6 increased from 0.46 to 1.86 mg/dL, from 0.40 to 1.53 mg/dL, and from 4.5 to 8.4 pg/mL at 24 hours, respectively (all PϽ0.05) ( Table 4 and Figure 3 ).
Correlation Between Baseline and Peak Levels of CRP and SAA After PTCA and Coronary Angiography
In the overall population of 86 patients, there was a significant, close correlation between the baseline levels of CRP and SAA and the respective increases after PTCA (rϭ0.86 and rϭ0.63, respectively; all PϽ0.001) (Figure 4 ). The baseline and peak levels of CRP and SAA also were linearly correlated in the overall group of 27 patients who underwent uncomplicated coronary angiography (protocol B) (rϭ0.78 and rϭ0.76, respectively; all PϽ0.001) ( Figure 5 ). 
Discussion
Our findings show that the trauma of PTCA is followed by an increase in IL-6 levels only in those unstable angina patients with detectable levels of this cytokine before the procedures and that the increase in IL-6 is followed by a marked increase in CRP and SAA. This acute-phase reaction cannot be attributed simply to the disruption of particularly "active" coronary plaques because it was also observed in the absence of PTCA after the trauma of cardiac catheterization and coronary angiography, which, although small and by itself insufficient to stimulate an acute-phase response in patients with stable angina, is sufficient to do so in patients with unstable angina with elevated baseline levels of CRP. These findings, together with the linear correlation between baseline and postprocedural peak CRP and SAA levels, suggest that the magnitude of the acute-phase response is determined to a greater extent by the individual responsiveness than by the type of provocative stimuli.
IL-6 and Acute-Phase Response in Unstable Angina
CRP and SAA (half-lives of Ϸ19 hours) represent more practical clinical markers of inflammation than IL-6, the major determinant of their production, 10 -12 because of its much shorter half-life (4 hours).
13 IL-6 is a multifunctional cytokine regulating humoral and cellular immune responses, thus playing a central role in inflammation, host defense mechanisms against infection, and tissue injury.
10 -12 IL-6 synthesis is increased in response to a variety of stimuli, including viruses and bacterial endotoxin, 9 through the production of IL-1, 14 interferon-␥, 15 and tumor necrosis factor, 14, 15 which may also act on several cell types in human atherosclerotic lesions in which the IL-6 gene was found to be transcribed. 16 IL-6 stimulates smooth muscle cell proliferation 17 and has procoagulant properties. 13, 18, 19 Raised blood levels of IL-6 are common in patients with unstable angina and are positively correlated with in-hospital prognosis. 20 Our findings of a significant positive correlation between the peak value of IL-6 and those of CRP and SAA after PTCA support the hypothesis that in vivo IL-6 also is the major inducer of acute-phase protein production as previously shown in human hepatoma cell cultures, 11 although they do not rigorously prove it. Changes in plasma levels of CRP (F), SAA (f), and serum levels of IL-6 (OE) after PTCA in group 2B. Data are presented as medians and 25th and 75th percentiles. In group 2B, IL-6 significantly increased 6 hours after end of procedure, preceding peak of CRP at 24 hours and peak of SAA at 48 hours; IL-6 reached peak value at 24 hours and then returned to baseline at 48 hours. Conversely, in groups 1 and 2A, IL-6 did not change over 72 hours of study. Groups are defined as in Figure 1 . 
Mechanisms of Acute-Phase Response After PTCA and Coronary Angiography
Patients exhibiting a large increase in IL-6, CRP, and SAA after PTCA may have more "active" lesions. For example, their lesions may contain more oxidized LDL (which can trigger acute-phase protein production directly), 21 more virus-infected cells (expected to activate mononuclear cells and enhance cytokine production), and/or more inflammatory infiltrates containing activated lymphocytes and monocyte/macrophages, 22, 23 which could be also responsible for their elevated baseline levels. However, this hypothesis cannot explain the acute-phase response after diagnostic coronary angiography.
The CRP, SAA, and IL-6 "responders" after both PTCA and coronary angiography may be more sensitive than the other patients to even small inflammatory stimuli, and their hyperresponsiveness may be indicated by their elevated baseline levels. A genetically determined variability of response was reported for cytokine production by human monocytes after endotoxin stimulation in vitro 24 and for inflammatory responses to oxidized lipoproteins in inbred mouse strains. 21 Finally, monocytes and granulocytes of patients with elevated levels of CRP and IL-6 may produce more cytokines and reactive oxygen species in response to subliminal stimuli. [25] [26] [27] The hypothesis of an enhanced individual acute-phase responsiveness is suggested by 2 observations. First, the significant increase in acute-phase proteins observed after uncomplicated coronary angiography cannot be attributed to plaque disruption. Second, there is a positive correlation between baseline and peak values of acute-phase reactants after PTCA and uncomplicated angiography.
This interpretation is consistent with our recent observation that monocytes of unstable patients are hyperresponsive to lipopolysaccharide (LPS) challenge in vitro. 28 On the basis of this study, we cannot postulate the nature of the inflammatory stimuli acting during diagnostic coronary angiography. We also cannot exclude that groin puncture, although performed under strict sterile conditions, might introduce traces of LPS in the circulation and that LPS might be responsible for "in vivo hyperreaction" during angiography. However, delivery of LPS cannot occur only in unstable patients with high levels of CRP but if present must be a common phenomenon; thus, this observation is in line with our hypothesis that unstable angina patients with high levels of CRP might be hyperresponsive to proinflammatory stimuli.
If this hypothesis is confirmed, the acute-phase hyperresponsiveness may help to explain the marked elevation of acutephase proteins observed in patients with persistent severe unstable angina associated with unfavorable in-hospital outcome.
1 It might also explain the long-term prognostic value of elevated CRP levels in patients with known ischemic heart disease 5, 6 and in apparently healthy subjects. 7, 8 Thus, individuals with high acute-phase responses to low-grade stimulation by chronic infection, oxidized LDL, or other reactions may be at increased risk of acute thrombotic complications. . Correlation between baseline and peak levels of CRP (A) and SAA (B) after coronary angiography. Shown are patients with stable angina (E) and unstable angina (F). In overall group of 27 patients who underwent uncomplicated coronary angiography, baseline and peak levels of CRP and SAA were linearly correlated according to Spearman's rank correlation test (rϭ0.78; 95% CI, 0.56 to 0.89; PϽ0.001 for CRP; rϭ0.76; 95% CI, 0.53 to 0.88; PϽ0.001 for SAA).
